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Mr. C. C, Rachar, • 

Manager, -. . 

Public Utilities Coramisslon, 

EUCRA, Ontario. 

Dear Mr. Rachar: 

I am" enclosing a copy of the ground water 
survey conducted by this Conunisaion for your munici- 
pality. Kr. Dixon has given considerable information 
on the conditions encountered, and I draw your atten- 
tion to the conclusions and recommendations. These 
are clearly set out. 

If there is anything further we can do to 
assist at any time, I hope you will feel free to call 
upon us. ■: y '-.. ''■' ■ 

Toura very truly, 



AEB:pj 
Encl. 



Dr. iU^st^Bdrr^, 
Oeneral Manager. 
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■ V • :f^ REPORT 

Ontario Water Resources Commission 

r 

MumdpalityZ<?!'^l^L5^?l^^:?_J " Date of Inspectio n ^'^TCtl 7-10, 1961. 

j^^.^ Ground Water Purvey 

Fidd Inspection h yV. R^ DJMPn fc E ^ C. amall - Report by Vf Rt OJ-XOn ^ 



Introduction 

In a letter to Mr. A* K. l/att dated Jiane 20^ I960, Mr. 
C. C* Eaehar, ^tanag3r of the Fubllo Utilities Cossaisaion at 
Elnlra« requested that a study be isade of the water reeoureee 
in the vicinity of Elsiira. Subsequently, Mr. Sachar indicated 
that the source of the auniclpal water eupply was sufficient 
for the present needs but he wae coneeraed with keeping an 
adequate reserve on hand* , 

Hr. Q. R. Tre^^in Inspected the water i«ork8 eystera at 
Elalra la Karcb, I960, and in his report recoziBiended that 
« further well bo drilled to replace well !lo* 2 since the 
water frota this weH had an iron content ia excess of 1.0 

Collection of Data ' - ' ■ '\ . ,' 

During 1961 four daya were spent in the field aeseabling 
well data and collecting samples for ehenieal analyais. Theae 
data are listed in the attached tables 1 and 2, respectively. 

Present Source of ^'^ater ....-- ■-■;:•'•. 

Vater is obtained from three gravel wall wells des« :r 
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it£n»t«d No*s 2, 5> <^n<i 6* Thttir locations are ahown on 

th« accoinpanylng msps* ^seh well Is •:|ulppad vlth a 
Loyn* d*»ap well turbine pump. The c^pacltlea of the 
puaps ore as foUowct 



Veil 


J-UJSp 

lifttlng ■ 


Designed 
Hap^^city 


2 


ICO ft. - 


4C0 li.pa. 5(iSalnst a 
total head of 130 ft. 


'■* ../■; 


60 ft. 


8CX> gmp»m* «5Eiin8t a 
totfiO. head of 110 ft. 


4 


65 ft. 

Total 


loco ^,pa. e.^ainct a 
totRl head of 125 ft. 




2,200 g.p. :a. or 3 J-jD 



In Au£;u8t, 1960^ International > dter Supply * Llr4lted, 
carried out a -erles of pussping teate on the fiunlci^^t)! 
irelle. In u report on thece testa uated Hovetsber 3» 
I960, it wa» concluded that the equlfer could eufport e 
peronniel sof« yield of 2100 g.p.m. or 3 t iD. Hov^eTer, 
It waa pointed out that it was i)%practic«l to sustain the 
prenent vella at a rate in excess of 1500 g.p.ct. or 2 i^VD 
and because of this it was rec^atitetwled that an addltionAl 
weH be constructed 500 to'l^JOO Feet northwest of asuniaipal 
well no. 5» -"v:""' ' .... 

yreaent igtnr Conaumptioi^ > 

In 1959 the average consumption waa 0.99 ^^^^ and 
the maj:liiua dally flow Was 1.54 ^J£>* Seventy-two percent 
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ot this water was used by one large iodtistry^ mainly for 
cooling 9 after which it was disehar^d into Conagaglgue 
Creek* 

Future Water Reouirefrtents 

Mr* G* R* Trewin estlznated that by X9$0 the average 
daily requireoent will be 1*4 MO while the tsaxiann daily 
requirement will be 2*1 ^SJ* these figures were based on . 
the present thread of population increase and an increase 
of 5 percent per annisa in the demand for water by the 
large industry* A reserve in excess of 2«1 MOD will be 

necessary If the town wishes to attract other industries* 

■'^ • .■. - . ". . ■■ ■ 

Geolory 

1* Sedrock 

7he Town of Elalra is underlain by rocks of Silurian 
age which dip gently towards the west* The dedrode 
surface in the vmp area is composed of limestone » 
dolonilte and shales of the 3alina fonsation* This 
formation nonaally contains varying spoxmts of salt 
and anhydrite which may be dissolved by ground water 
to clve it an objectionable eheoieal quality* Map Bo* 
1 shows elevation contours oa the bedrock surface* 
Although the accuracy of this viap is ll&lted by the 
SBOunt of avaUoble data It does suggest a iK>rthweat«* . 



a snail mound in the vicinity of Elnira* There is a 
ai^ggestlon of the beginning of another valley at the 






f. 



southeast trending valley, which passes across the 1 

centre of the area with a restriction in the fona of " > 
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The yalley pArallda what ^tms probably tha dlreetion 
of Xc9 maresi&at and^ therefore , vmj bo m gougt In tho 
bedrodc iiarfaeo eaxiaed by an early alvaaee of ice* 

2« Overbufdeq . ' ' * 

The bedrock is covered by a Eoantle at Pleistoeene 
aedlmeiita which Mere deposited by the Lake Ontario and 
Lake Ilisron ice lobes and aaaociated melt-watore* The 
sediments vary in thickneaa f rDci ^0 to 210 feet with the 
thickest accuaulatiotts oomurrins to the north of the 
area and in the bedrock valley* 

Much of the overburden ie eorapoeed of till which 
is forced mainly of clay but^ which also contains vary* 
ing asiounts of sand^ silt and stones* There are also 
extensive deposits of sand and gravel in the area* The 
thickest aceumilations of these occur in the bedrock 
valley* The known occurrences of sand and grsrcX are 
shown on Map f$o« 1* From this map it can be seen that 
the d^naits have a wide distribution which la patchy 

In E^eneraly the sand and gravel deposits nay be 
divided into three groups* These are listed belowt 
1) Lower eand and gravel fonsation* 

This groi;^ which varies in emtent irca 
eearse sand and grav^ to fine sand la widely 
diatrlbuted and attains a ***Tl'^iMt tiiidbieaa of 
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Q-nv BO feet in tha bedrodc vaXXey* Zt 1g covered 
by till find rcats oa either till or the bedrock 
aurface« The patchy distribution in etxts locations 
is probably due to the action of overriding ice« 
The existence of thinner layers of sand within the 
upper till may also be eacplaloed by the action of 
the overriding 1^ ^hou^ sosie of these laay have 
been deposited in eitu by nater* 

2) Upper sand ttid gravel foiaation 

This group consists of all the sand and gravel 
fbuod on the land surface* It Indudes the sand and 
gravel which can be e^n in the pits to the north^rest 
of Elinira althou^ this deposit nay properly belong , 
in pXaceSf to groi^ 3» I 

3) Eaoe laoraine 

This group varies in cotaposltion frosa sand and . 
gravel to fine sand and is restricted to the northern 
section of the area* The deposits occur at various 
depths within the overbuixien and are relate to koae 
deposits in a recessional laoraina* 

y^ydrol9^ 

i* Bedrock Aquifers 

.'.: It has been noted above that the bedroclc consists 
largely of lliaestone^ dolosiites and shales* Aa a 
eeaaral rule, ehalaa eosatituta a vary poor aqcuifer 
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vhllt Ximdstond and dolomito may ba excallent^ 
t^)aci«ll7 wliea they ars woU jointad* 

Ma|» l{e* 2 siioifs a fXov not Which illustrates 
the natural ooirooent of ground watar in the bed- 
rock aquifer* Tha floif nat was conatruetad f roQ • 
iha static levels reported in tba loi^a of the 
bedrock woUa* the spacing of thct equipotantial 
lines nonsaUy reflaets tha percaeabllity of tha 
aqulTer or its capacity to allow trater to pass 
through* Thus» areas with widely spaced equi- 
potential lines noreially indieata a higher per^ 
steability than areas whera they are closely spaced* 
The latter ease is due to a greater resistance of 
ground water Eiovwieat which eausas a ate^»er 
hydraulic gradient* , . 

-v To check the validity of the flow nat, tha 
specif lo capacity of the wells were plotted* It 
can be seen that the specific capacities do not 
correlate with the flow net in all cases* This 
joay be due to the followlns lioitationsi 
Ifi) The static levels which serrad to construct. 
^:^: . tha flow net were reported over a nunber of 
years and at different times of the year* 
As aaeurata flow nat should be constructed 



~-^r 
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|v fma atatie level elevations at a given tise* r.^: 



.»-<•■ 



(li) Tha translation of statio levelB Srtm gx^und 
lev^ to elevations above sea level was 
aoo(KapliBhed by ineans of a topographic siap ^^ 



u«*^ ■ ■ ■*«»«»». < »*^M»*i'i ■ A# 9C Fji*1t. 
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(mj 3o!W Interprttation wt9 noctsaary to construct 

tht flow Witt 

In 8plt« of the llialtatlona the flow net does 
correlate with the spodfic capacities In places, J 
Theae are listed belovi * 

(1) WaU Mo»e 2, 27, 60, 63 and 74 have relatively 
hl^h specific oqiacltiee and are located in or 
on the edge of areaa where the equlpot^itlal 
liaea are relatively widely spaced. It la also 
> interesting to note that weU ifo»8 2, 27 and 60 
wei-e reported to yield cdnera 1 water which 
suggests that enlar:geaent by solution of Joints 
and cracks in the rock has tiOcen place cjore 
readily and has resulted la a jsore penaeable 

: Cil) WaU Uo*9i^, 5^ and 70 have ralativoly low 
specific capacities and are located in areas 
where equlpotential lines are relatively closely 

spaced* -■ ": 

(Ui) stfeu Hots 35 and 37 have saiderate to good specific 
capeeities and are located in an area where the 
•qulpotential lines are closely spaced. In this . 
ease the close spacing does not necessarUy 
indicate poor peiweablUty since the area is one 
of eonver^^ent ground water aoveeteat whldi eieans 
that a given aeouat of water has to pass through 
a Dore restricted space. 
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Th« InfonnAtion Ahawi on Map No« 2 Indiefttea 
that favourable hydra»llc cowUtl^s axiat la 
tfatt bedrock ai|ulf or aorthaaat and aeutheaat of 
Elfflira and extend tvoa the town to a distance 
of at least two miles* Bouever^ It «aa reported 
that eoiae rock we3Lls to the east and aoatheast 
of the tonn yield mineral %i«ter* 
t# Overbvirden Aquifers 

There was Inmif floient InforEBatlon «fallable to 
eonetruet flow nets for the overburden aijulfers* However , 
^ap Ho* 1 shows the kncywn oceurreneea of seal and gravel 
aquifers* '"' /- ''"::.■ -^'^^'^y: 

. In general » there are three groups of acplfers which 
correspond with the three sand and gr«v«l fomationa des- 
cribed under the heading of Geoloer *bove. The threa 
groups are outlined below. They are referred to as 
groups since each one nay contain aevaral smaller a^iiifera* 
Ij The lower aand and ^avel fonaation. 

This aquifer has wide distribution throughout 
the area. It is covered by till toA rests ea till 
or the bedrock surface and as atseh it la confined 
and undw artesian conditions* Bowever^ the till 
covering may not be ooiapLete and la placaa Urn aqjudfer 
may have direct contact with th* i^per sands aai ■ 
gravels* The aquifer has a patiOgp dlatrlbtttiaB ia 
l^Rces Imt it appears to be thlAmr and «m« mtbrnmUm 
in the bedroetc valley* 
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Static laral elevations eussoat that th« natural 
Bovonent ot th« water through the aquifer la to th© 
south* ■ " 4 

; In I960 an aquifer test was carried out at Eliaira 
uslns aixaicipal w«ll l*o. 5 as the puoped well.* Froa 
da^a obtained at this test the perennial safe ylold of 
the aquifer was coaputed by International Water Supply, 
Limited, to bo 3 M«0*0* The reaxJilta of the teat 
indicated an extonaive artesian aquifer with a coef f ici©ai 
of transaisaibility in the order of SO,CX» g.p.d.^per 
foot a3ad a coefficient of storage in the order of 
8.0 X 10"^ft. 3/ft. 2/ft, After four days of puapins 
at ^00 g#p.Bi* the rate of drawdown Incroaaed which ...a 
indicated an aquifer boundary* This lioundary v9M 
coQputed to be at a distance of 15^000 feet or a 
little under Uirea milea* Becauae no major boundary Mf 
•ffect waa noticed before thia tiae, ±% appears that, 
the ssiall boundaries are inaignif leant when the aquifer 
Is considered as a whole* The presence of nusierous 
small boundaries is indicated by the patchy dlstributioa 
of sand and gravel ahown on i^ap Ho* 1* Furthoiwore, one 
would eoepoet aiollar conditions to preraU over moat of 
:tba aquifer and that similar results would ba obtained^ > 
fktm other wella provided they were located in a tbiek 
rooarae-erained faeiea of the a^piifer «t a aSailiir 
:diatanea froa a oajor boimdary* 
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Duxdng tb* puapin^ t«at the mter level la avnieipaX 
nell Ho. 2 waa only slightly affected vmiltt thii water 
' lerel In T«H* 3 was lowered epFprgixlsuktely 5*5 ft, after 
. pua^ijog r&r one day* This indicates that mulcipal well 
, . Ho* 2 recelvea water froa a different aquifer or an 

. isolated section of the lower aquifer ayatao and that 

- ' ■ , >'■ 

the boimdary is leaa than 400 feet to ti» west, *< ; ^^* 
However » since the water levca In i3ua±lpa|, well J^o. 2 : ^a 
waa slightly affected it la likely that the boaindary . -i-^ 
coasia&s of a leaky till or f lna*^alaed fafiies of the 
lo;«»r aquifer* ''■■. " * : 5 vi^ 

There la a euggeetlon of the beginnings of a .. t,'^ 
^ second bedrock valley, eontainlnf oand and gravel, to . ..^^ 
tho east of Earaira in the vicinity of well Mo# 2H. 
This 1» probably part of the lower a<|ulfer although it , 
'''■ may fora a different ground wat«r basin* ,; ,-r^ 
2} The upper sand and gravel formation ^ - r;! 

This ourface foraation of sand and gravel » which 
inel\ide3 the material %tfsx In the pita nortbweet of ii 
Slsaira, aay he water-bearinc. Since the formation | 



appeara at the eurface any water will be under water - | 
table conditions and wells located in it say be aubjeet ^^^ 
to larco annual variations la water level* Ther« 1» no •; 
infbmation on the thickness ot this formation, tnt % 
It probably does not esceeed 50 feet* 'F ;i i^^ 



.**>," 
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3) Kamo Moraine -'"^ ■' "-'-'''.'-t-': ^ , '^'^ 

This aquifer is located in the hilly land in 
the ertrenie north of the map area. Very little is 
known about it. However, the log of well No. 73 indie* 
:., atea the presence of at least 50 feet of sand and gravel* 
Ground V/ater Recharg e 






1) Natural ■■ ' ■ ■'•"" ■'■■'':^i-r ■ • :^ ";v .- - " ' . ■' . . -f 
Precipitation, iriilch aiaaounts to a little over 31 

inches per year in the Klmira area, is the source of - 
natural recharge to the aquifers. It is impossible, at the 
present time, to intimate how much of the precipitation -iv 
infiltrates into the ground to reach the aquifers. Bow- . ' 
over, it is likely that infiltration will not exceed 25 
percent of th© precipitation. | : 

It is possible that depressed water levels caused 
by pumping the municipal wells will allow a certain x^ 
amoxmt of water to leak into the lower aquifer from 
Canagagigue and lurcher Creeks, however, the rate of this . .: 
leakage woxJ-d be very slow and would depend upon the , 
permeability of the till which confines the aquifer. 

2) Artificial ^ ^ 
Although there la no water shoitage in Elmira at * 

the present tlaa artificial recharge cay be worth.** '^ 

while at a later date* Jt was noted that approximately 

700,000 gallons of water are discharged daily into '<'^ 
, . ... ..... . ■ ■ -M: 
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Canagagigisd Creek end that this water va^st used by oco 
liiduflitry for cooling* This water coidd b« usod to 
i^chargt thd aqaif era In th« area* 

yatar Qoallty .' '_'[''- ';'"'•" ." ' '.-T' '. /" .'^''■■"■* " '--^ 

Chgaical analysas of imter sas^ea takan IVom walla - 
during tilt siirvay and froia tha sxunicipal walla at an earlier ,. ^ 
data ara listed in the attached Table 2* Id addition to the 
analyses eosae lafors^atlon on water quality waa obtain^ froia 
drillara records, tn the latter cade, the well a isrhieh con- 
tained mineral water are indieatad by m appropriate s^^bol 
on the aoeotapanylng laapa. » 

In ceneral^ the water la hard to rery hard and has a hi^ . 
iron content* Two of the sanplea also had a TfB*y high sulphate 
content* '■ ' ' ■'' 

Sinea the Sallna fonsation norroally yields a poor quality 
water, it waa thought that the only ^od quality water in the 
area would be pi^esent In the overburden aquifera* Howerery 
analyses of the aasapled indieate that in soi&e areas the rock 
walla fiuiy yield a better quality water than the overburden wells* 
The highest individual values of hardness » alkalinity^ iron, 
dilorldes and sulphates wara frosa overburden well samples and 
the highest average values of these qualities wore froc: overburdea 
well sanplea* There wem two posslbla eTtplnnations for this 
diffanstiet in water qualityt 
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(I) Sine* th« frand *nd gn^yX of tto* low«r «qulf«r 
rtsta dirtctly on th* bsdroek «\trf ae« for aoAt 
of lt» ojctont. It la Ilkoly that this tqulfvr and 
tbft b«droek «r« eonnvctad hTdrftulicAlly, U«eatt8« 
of thl9 local Araas of tho badroek which contain g 
poor ^Mftllty watar mxf ba tha cauaa of poor quality 
watar In tha ovarbordan. 

(II) Tha oeeitrranoaa oi poor quality watar In tha 
ovarburdaa aqttlf ara nay ba dtia to nlnaraX contant 
of tha OTorbnrdan ltsalf« During Flaistoeana 
tls»a tha lea probably aorad Into tha araa fron 
tha aeuthaaat* In doing this it would likaly 
pick up aatarlal froa tfia low«r ^allna formation . . fl 
and transport it into tha Elvira araa. If tala 

^. procaaa took placa and tha lea pasaad ovar ahydrita* 

rich aaetioaa of tha sallna Formtlos on* would ^ 
axpact to find hard watar Hlth a high culphata . kv 
oontant in parta of tha ovarburdan at laast. , ij 

' ' ■ ■■' ■' - -. - - ■ ■. '^r-- ■■■■ ■.■■'-. ^ -^'^S 

■ ■ ... .-■ . -. . . y% 

Tha hardaat v*atar with hl^h aulphataa waa obtainad froa -| 

ovarburdan wall ^0*8 63 and 34 which arm locatad approxl^italy ^ | 

,*■ 
oaa alia northwaat and four lallaa soutbaaat of lilalira, raapaet* : f 

--I' 
Ivaly* Tha location of wall Ho« 34 la too dlatant to conaldar ^ 

as a aourca of aupply, at laaat in tha future, and| tharafora, 

doaa not praaant a problaa. HowaTor, it la poaaibla that tha 

araa in which wall Ko, ^3 la locatad » nay ba influanead by 

puapa^a froTi tha municipal walla* This could nean that tha 

hardnaaa and aulphata eontant nay Incraaaa in tha annM^ipal watar 

am.- -lb* ^A ■ fc» nvii- .^ * ' 
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Tim 8<t!5pl9 froa valX HO* H indicated a better quality 
water in the lower aquifer to the south of £lalra« This . i 
area may, therefore^ be better for futurv deveiLopafitnt of .,% 
water eupidiea* ' ;■'■;.•:'■ "'C:*' ' '■''■'■'.: -iM 

Althoiigh the sas^plee whieh wera colXected during the avr- ^ 
rey do not give eom]>lote corerasa of the area, eaeh otM contaisedi. 
iron in exeeas of the recoasoeadad oasiaua of 0*> p*jp«a« This 
su^eata Uiat^ eraa if ground water ware looated wlth^ a lower ; 
iron content p prolonged pftiapins would OTeatually draw iron- J 
rich water into tho area* . ..^ 

COEsaentlne ^^^ the reaulta of the analjsea of the water ^' 
aimplea in his letter of April 5* 1961 p Mr* K* I!« Sharpe - | 
atateds > ■-■ ... •- ■ v ■ :^:\-* 

*Thia atsount of Iron will give rise to deposition in 
pipes, staining of fixtures and possible tastaa and odours 
assoelated with iron bacteria growths.* . ^. 

*3apples 9-666 and tf «>669 oontained sul];diate8 in excess of 
the raecKaoendad Uiait of 250 p«p»ta* This aisount of sulphate 
say site rise to taste and odour poblesa f^rais the fOrsnatlon 
of sulphur splitting baoteria«*' 
In Edition to these affects the cinarals will eausa 
the rapid scaling of well screens* Thia process has already 
tatcan place in the Kunioipal wells* The screens from well No's 
2 and 5 mra replaoad in 1959 due to heavy sealing sad the pumping 
teat on the So* 6 valX in 1960 indieated the wall loeaea to be 
17*5 foot out of m drtBidona of 44*^ feat* .'% 

The only Icnown way to miniaiza the deposition of sesle on 
^^'^^'^^ is to ke ep the entrance velocity at the screen face down 



^;^»''S!t':L.-;-'f- " «: -;^-'- •. •'?^- j ... /^ ■' • . - •■ i- .. Ifc, 
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Suaaarst ^ 

Elmlra obtalaB Ita water Bupply froa thme grwrnH ¥«U 
woUs. From tha results of puoping tests carried out on the 
weUs in I960, it was aatioated that tha aquifer had a safe 
peronniai yiold of 3 M,G.D« althougli it wouXd ba la^ractical 
to sustain the present trails at o^or 2 M*Q*9« 

It has boen eatiaated that the water requlraBant for the 
maxiciua day la 1570 will be approxliaately 2*1 K,Q. provided that 
BO other larse water-conauaing industry locates in the town. 

The bedrock consists of liaostones^ doJ^saitea and shales 
of the Salina for^tion. ilthou^h sliales nomaUy have poor 
wator-bearinc properties well jointed liaastona and dolo::iites 
should constitute an excellent aquif er. Such conditions probably 
ead-st to the northeast and southeast of Elaira where the equi* 
potertLal line^as siwwn on Ki^p £IOi a,ar« r«l*tiTely widely 

spaced* --,• .^ j , " ->;-"•-., 

The overburden contains three nala aqpiifer grot^st a 
lower artesian aquifer, an li^^per water table aquifer ead an 
aquifer which forma part of the karoe noralne to the north of Elmirai 
The present ounicipal weUa obtain water froQ tha lower ■i 
aquifer • It is an extensive aquiffr and i^peara to ba thickest 
in a bedrock valley which traversed tha area f*oa nortlafeat to j 
southeast, and in *diat may ba a second badroat vaUey beginnlnc .? 
approxiaiately two miles to tha east of EUaira* * *f^ 

- The upper aquifer eonaista of aurfaea aaada and sraveU lAlA 
eaa be aeen in the pits to tha awihwaat «f Hair*, It «ar •*wrift 
a thickness of fifty feet in places but, beins an wieonflnad 
aquifer, cay be subject to large annual water level Iluctuation;^. ^ 
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tbe te»# artestan aquifer la Xocattd in th« hUixland 
ar«a t^ ti« north of l^adra. Tto aquifer attalni* a tUlcknaaa 
of At least 50 f««t but, it a axtaat 1» not known. 

Although it la not nac«Bsary at the pra»«i»t ti«a«, 
artificial recmrs* of the aquifers may ba worthwn !• in the 
futiire. The arpjlfore could be recharged with tba induatrial 
coolln« »*ater %ihleh ie noi- discharged into Caaagagi^ue Creek 
at the rate of approxluaitely 700,000 g.p.d. 
> ^ Analyees of water aaoples selected during the aurvey 

* allowed that the water in the area was hard to ^ery hard and 
: that the iron coitbent exceeded 0.3 ?.p.«. Two of the sample- 

• taken fro^n overburden weila had a high sulphate content. In 

places t»e bedrock contains a better quality of v^ater than the 
overburden though well records indicate that mineral water is 
obtained from rock wells in the south half of %im aap area. 

If a fourth aunlcipal well were constructed and put into 
use by Elmlra, as recommended in the Kovenber 3, 196q report 
of International Water Supply, Ll^aited, th. total yield should 
b« In the order of 3 M-C^. This should be sufficient to meet 
I . the needs of Klalra by 1970« ; ,^'r^■'"'■ 

VJhere additional ground water supplies are needed, a 
: ' test drilling prograawe would be necessary to deteraine the 

'. ' aost faTourable sites for well construction. The areas where 

■ , test drilling should be undertaken are outlined later in this 

■'\ report. ';''-^'^i 

.A detailed sampling prdgramiiie would be neceasary to 
tir'- tetemine the. dUtribution of cheniical qualities in the K^«»^^ 
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«»„ of th, ar«. D, this «t.od U 1. UR.l, that er»und 
«wr .fth ««asl« tarto«. and oulphat. oonfnt eoold b. 
.,old«d in fut»r. d.,.lop«nt. Ho..«r. It 1. doubtful .h.th.r 
^„„a «.t.r »lth . 10- iron .ont.nt .ould b. lo«t,d and «lntal».d 

with •xt«n»lYe punpas«» 

It .nould b. po..lbl. to .,«t-rg. th. aqulfr. «lth wat.r 
Which ba. b.en «..d for lndu.trl.1 enoUns. K datallod atudy -7 . 

.h»« that tM. would b. mo,. .cono,lcal than eonatru,tlng wall. ;, 

two or three alias out of town. 

A fourth »all anoold bi eo«,truct*i In Th. --lelpal ».ll f L" . 
„ „eo».nd.d by I«t.matlo„al ..t.r Supply. U-ltad. In thalr . ;; 
re-ort of Koveabor 3, I960* 7 

.hln additional ground ,at.r -uppll.. «. n.a.i.'l. *•»» '^'^^'^ U 
.hculd b. un.i.rta..n In th. following ar... whl.h ar. Unt.d in 
ord.r of increaalng dlstane. fro.1 BlBirai . . 
11 In th. b.droo. valLy to th. .outh and ...t of Sl»ir. to 

. d.t.r»ln. th. poealblllty of d.v.lopln« additional «11. elo.. 
to Rl-ir. in th. lowar aq-if.r. Ihi. t.at drilling ahould b. 
don. at an .arly data and ca.lng ahould b. l.ft in «». of 
th. t..t hole, m .rd.r t^t th.y -ay b. u..d a. ob^erTatien 
W.U. and gaug. hol.. for a,»U.r fating.. By ualns thaa. 

w^B it would b. po..ibl. to ob.«^. o«r a -id. ar... th. 

long t.r- .ffat "t P-P*** "»• "»• '^"'"^ "" "*" ""* 
drt.r»ln. th. .or«.t .p..in« of ^^^*^'^ ""' '" **• ,, 

lofwor aqulf«r« *' '^V^'v -^ 

In ths up^r wtT tabl. aqulT.r to th. northwest of £l«lr.. 

In the bedrock withla two aile« to the nortl^^,^ of i;i«ira. 

' ■■■'■ T\ ■■.--, 
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Tidntly of vtU So. 28 ^^ 

: Itt tJ* *ar«* «or*i!»« •??r©iii!«t«iy tiw** 9il«« ft©rta 
;V •■■■^•.' of Ijlttira, %-,[.A^%., J. --''^ ■'■-"'-'■: '1. V ■.' "',:■: 

J. A d©tftU«<l »««pllft« pro^r*-*!* »tM>ttl4 b« un!i»rti'<tB to obtain «or# 
knowXodisO of tm diatrltmtten of «h«eical qu»litUt In tm ^rouad 
t*at*r. ;Juoli a protr«ir?*« »H9tiia bo 5«modl out b«ft?ro toat tirlillAt, 
4. A atu^y 6?iottl<i bo »^4o of t«o po»»it»iUty ef using imiuetrial 
cooling wit«r to rtebar^o tho lower aqtilfor. Tia» a»7 bo Moro 
ocottflaical, tty^n <l«iTolcplJi|E »ddltlea«l oat^pll** two or tbr*« ailoa 
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